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Glasses are used in a wide variety of gas atmospheres. A statistical mechanical model of monatomic gas solubility in glass has recently been developed. 1 The purpose of this paper is to extend the approach used in treating the monatomic gas solution to a general model of po1yatomic gas solubility in glasses and, then, to compare the general model with experimental solubility data. New experimental measurements were desirable as most of the literature data was available over a limited temperature range or from indirect measurements (usually from permeation and diffusion experiments).
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The glass used was fu5ed silica, the simplest of the silicate glasses and a commocly used material. The gases used were those known to be most soluble in :.:,used silica, viz. helium, neon, and hydrogen. The primary experimental technique was a modification of Sei verts' metl:iod 4 used for measuring gas solubility in liquid metal alloys. Also, the chemical absorption of hydrogen was measured from the infrared absorption spectra.
Hydrogen is of special interest as.it shows both :physical and chemical solubility.
It should be emphasized that the solubility to be discussed is in glasses below their transition temperature where glass is truly a rigid ··solid rather than a supercooled liquid, as it is above the transition temperature. Solubility in the solid glass is that which would arise f'rom exposure to gases during material use while that in the liquid glass would arise during fabrication. Again, it should be emphasized that the glass being discussed is . ,; a rigid solid, i.e., below its glass transition temperature. This is important in the development of the model as the rigidity allows the assumption that the dissolved species are localized. Act~lly, this result: is quite general for any polyatomic physical solubility in which the internal degrees of free~om (rotation .and vibration) are retained and the external translation of the center of mass of the gaseous molecule is transformed to localizedvibration for the dissolved molecule. The internal rotational and vibrational motions contribute to both G( g) and G( s) similarly so that these factors cancel when G(g) and G(s) are equated. Consequently, the solubility equation for this polyatomic physical solubility is
where n is the number pf gas molecules qissolved per cub~c centi~eter 6 of glass, p is the pressure of the gas atmosphere, h is Planck's constant, m is the mass of one molecule, k is Boltzmann's constant, T is the in solution relative to the similar rest state in the f'ree gas; i.e.
removed f'rom'the potential field of' the solid.
Chemical. Solubility
The treatment for chemical solubility is -basically a simple extensioh of' the physical model. The ideal gas is represented as before but is assumed to be in equilibrium with a dissociated species in solution.
There are two main results of this dissociation. First, the final solubility equations are more ,lengthy becauSe the G(g). and G(s) expressions are more dissimilar. Second, the solubility, ns' does not vary with the first power of pressure.
The form of the final solubility equation depends greatly upon the specific system involved. TherefOre, a simple but representative example will be ccmsidered, viz. the solubility of a homonuclear diatomic gas as dissociated monatomi~ species assumed to be localized simple ha~monic oscillators. Treatment of this case leads to the Gibbs energy expres-
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-. similar magnitude in the density of fused silica with increased_fictive temperature. Therefore, in order to fully characterize fUsed silica, the simultaneous effects of both "water" content and fictive temperature on the glass density (which is indicative of the glass structure) must be known.
The sample material studied was a standard commercial fused silica 7 in the form of thin (about 0.12 nmi thick) disks. An emission spectragraphic analysis of the types of glass specimens used in this study is summarized in Table I . Specimens were t~eated with fictive temperatures of 1000, 1100, and 1200°C and in water vapor pressures from 0 to 1 atm.
The treatments were ended with air quenches in order to "freeze in" the equilibrium glass structures. Details of the thermal history experiments .
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By handling the silica only with clean tweezers following this cleanine:,, no devitrification problems occurred.
Sei verts 1 Method of Measuring Solubility
A modification of Seiverts' method 4 was the primary technique used to-measure gas solubility. A cell containing the sample material (fused silica) was evacuated, filled with the gas of interest to about 1 atm, and then sealed. The pressure of the system dropped slowly as the gas dissolved into the specimen. The total pressure drop indicated the amount of gas dissolved in the known amount of specimen at the final pressure and temperattire. A supplementary method for measuring gas solubility was available for the specific case of chemically dissolved hydrogen in fused silica.
It has been notedlO,ll that chemically dissolved hydrogen is present as hydroxyl groups, which give an absorption peak at 2. 7 11 in the ir spectra.
This situatiqn is essentially the same as rioted for water solubility 12
and the experimental technique is very similar.
· Disks of the kind used in the thermal history experiments were placed in. aBrew furn~ce and heated to the desired temperature in one atmosphere., of flowing hydrogen. The disks were cooled as quickly as
. possible (at about 300°C/min.) in order to quench in the chemically dissolved hydrogen.
Th~ d~~k~ were placed in a B~ckmap IR-4 infrared spectrometer, and the ir spectrum was monitored from 2 to 5 11 to measure the hydroxyl peak •
. RESULTS AND DISCUSSION Solubility model equations are given in the MODEL section. These equations.express the solubility (n ) of gas atoms or molecules at a s
given pressure as a function of temperature, fundamental constants, and
The temperature range of interest extends from room temperature to near the. glass transition temperature (around 1000°C for fused silica).
The mass, m, of a given dissolved atom or molecule is known·. The number of sites per unit volume, N , can be calculated with great accuracy "for s a crystal, since Ns is simply the number of most probable (usually largest) openings in the structure :which would serve as solubility sites.
The disordered structure of glass makes such estimates more difficult. Characterization of Fused·Silica ~igure l shows the dependency of the density of fused silica on both water (or -OH) content and fictive tempe:rature.
8 These data indicated the state of the solubility specimens following a given thermal treatment. Thl! convenient glass transition ra.Jige for fused silica is 1000 to l200°C. Below l000°C, structural relaxation occurs very slowly making equilibrium densities difficult to obtain. Above 1200°C, relaxation is rapid ~aking quenches difficult. Also, devitri.fication becomes a problem above l200°C. Most solubility specimens were given a fictive temperature of 1100°C and were nearly water-free. 
Physical Solubility -Helium in Fused Silica
The results of a typical experimental run with the Seiverts' type equipment is shown in Fig. 2 indicating the specimen cell pressure as a function of tJ.me. The pressure drop shown in Fig. 2 indicates about 90% of the gas :.wlubi li ty in the glass. However; some gas (about 10% of the total amount dissolved) enters the glass during the brief period of time when the cells are being filled with gas before the cells are sealed (at time = 0 i:q Fig. 2 ). Th~ solubility data in this paper ~ncludes both contributions' i.e.' the total solubility.
The collected solUbility data for the helium-fused silica system are given. in Table II It should also be noted that 1 mm silica rods were used as specimens for. runs below 250°C, and 6 mm rods were used above 250°C because of the i'ncreasing diffusivitY of helium in fused silica with temperature.
AroUnd 250°C, both sizes were used, and th·= resulting data were generally in good agreement.
One feuture of the physical solubilit;y equation (Eq. (1)) is the , .
linear dependence of solubility, n , on pressure, p. An experimental s test of this feature for helium in fused silica at 209°C is shown in 
PhYsical Solubility -Neon in Fused Silica
The solubility data for the neon-fused silica system are given in Table III . Only (1100°C, "dry") data are given. .
SUMMARY
The svlubility of gases ~n silica glass below its transition range,
i.e., where it is a rigid solid, has been examined. The statistical thermodynamics of the system provided a basic model of the solubility.
The solubili~;y equations gave the solubility (in atoms or molecules per cubic centimeter of glass) as a function of gas pressure, tempe~ature, f'uride.mental constants, and material parameters. Three main categories .. ,.
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